not been the subject of many chemical investigations. The only phytochemical studies consist to the identification of sulphated phenolic compounds (Harkat et al. 2007; Hussein, 2004; Harborne 1975) . F. pulverulenta is used in local medicine for its analgesic and carminative properties (Youssef 2013) .The specie Glaucium flavum (Papaveraceae family) was used for its laxative and antitussive properties (Leporatti and Ivancheva 2003) . Bournine et al. (2013) reported anti-tumoral activity of G. flavum root extract against human cancer cells in vitro and in vivo. These authors demonstrate that the specific anticancer effect has attributed to bocconoline alkaloid compound. Drimia maritima L. (Liliaceae) has been used for centuries for its positive effects on the cardiovascular system (Knittel et al. 2015 ) and for its rodenticidal effects. Lycium europaeum (Solanaceae) was known as a medicinal plant and used in several traditional remedies to reduce the incidence of cancer and also to inhibit or to stop the growth of tumoral cells (Ghali et al. 2015) . Hydro-alcoholic fruit extract of L. europeum seemed to protect lipids, proteins and DNA against oxidative stress damages induced by oxygen peroxyde via scavenging reactive oxygen species (Ghali et al. 2015) . Moreover, Solanum sodomaeum (Solanaceae family) is locally used to treat rheumatism, eczema and haemorrhoids (Zouiten et al. 2006 ). The objective of this study was to carry out preliminary phytochemical screening and to determine total phenolic contents and compositions by HPLC and antioxidant capacities (DPPH, ABTS, MCA and ORAC) of six medicinal halophytic species. Extracts were also evaluated for their neuroprotective activities against (Aβ)-induced neurotoxicity in cultured PC12 cells.
MATERIALS AND METHODS

Plants Material and Extraction Procedure
Aerial parts from F. pulverulenta, F. thymifolia, S. sodomaeum, L. europium, D. maritima and G. flavum were collected during the vegetative stage in March 2015. Amount of 10 g of each plant material was extracted with 100 ml of methanol 80% and then filtered. Each extract was evaporated under reduced pressure. Dry residue was weighed and removed in methanol 50% and then stored at 4°C until analysis (1mg/mL).
Phenolic Compounds by HPLC
The identification of phenolic compounds was done using HPLC system equipped with a reversed phase C 18 analytical column of 4.6 x 100 mm and 3.5μm particle size (Zorbax Eclipse XDB C 18 ). The DAD detector was set to a scanning range of 200-400 nm. Temperature of column was maintained at 25°C. The volume of injected extract was 2 μl and 0.4 ml/min was the mobile phase flow-rate. Mobile phase B was milli-Q water constituted of 0.1% formic acid and mobile phase A was methanol. The optimized chromatographic condition was as follows: 0-5 min: 10% A-90% B; 5-10 min: 20% A-80% B; 10-30 min: 30% A-70% B; 30-40 min: 50% A-50% B; 40-45 min: 60% A-40 % B; 45-50 min 70% A-30% B; 50-55min: 90% A-10% B; 55-60 min: 50% A-50% B and at 60min 10% A-90% B. Phenolic compounds identification were obtained by comparing their retention time and the UV spectra with those of pure standards (Table 1) . 
DPPH Radical-Scavenging Activity
Radical scavenging ability of extracts against DPPH radical was measured according to Blois (1958) . A volume of 50 µl of each samples (1mg/ml) was mixed with 150 µL of 200 µM methanolic solution of DPPH in a 96-well plate. The plate was allowed to stand at ambient temperature in dark for 20 min. The absorbance was measured at 520 nm against methanol as a blank. A standard curve of Trolox was performed and results were expressed as mg of Trolox equivalent per g of extract (mgTE/g E).
ABTS Radical-Scavenging Activity
The scavenging activity of the six extracts on ABTS + radical was determined according to Re et al. (1999) . ABTS + was generated by reacting ABTS stock solution with 2.45 mMof K 2 S 2 O 8 (in equal quantities) in obscurity at room temperature for 12-16 h before use. The ABTS + solution was adjusted with methanol to an absorbance of 0.700 ± 0.020 at 734 nm. 250 μl of the diluted ABTS + solution were added to 10 μl of extracts at the concentration of 1mg/ml. Six min after initial mixing, the absorbance was measured at 734 nm at 30°C. Results were expressed as mg of Trolox equivalent per g of extract (mg TE/g E) using a standard curve for Trolox(100; 150; 200; 250; 300 and 400µM).
Metal Chelating Activity
The chelating activity of the six methanolic extracts for ferrous ions was determined by the procedure of Dinis et al. (1994) . A volume of 80 μl of deionized water and 40 μl of FeSO 4 (0.2 mM) were added to extract (40µl, 1mg/ml) and mixed in 96-well microplate. Addition of 40 μl of ferrozine (2 mM) initiates the reaction with the divalent iron to form stable magenta complex species. After 10 min at ambient temperature, Fe 2+ -ferrozine complex was read at 562 nm. Methanol, instead of sample, was used as positive control and distilled water as blank, instead of ferrozine. EDTA was used as standard and results were expressed as mg EDTA per gram of extract (mg EDTA/g E).
ORAC FL Assay
ORAC assay was carried out using Ou et al. (2001) method with some modification in 96-well microplates (Costar). All the samples (extracts, fluorescein and AAPH) were diluted in phosphate buffer (75 mM, pH 7.4). Thirty microliters of extracts (1mg/ml) or phosphate buffer (blank) were mixed with 180 μL of fluorescein solution (117 nM final concentrations) in a 96-well black plate and incubated for 5 min at 37°C. A volume of 90 µl of AAPH solution (40 mM) were added and fluorescence was immediately monitored with an automated plate reader (Fluostar Optima; BMG Labtech), using 485 nm excitation and 520 nm emission wavelengths at 1 min intervals for 70 min. The antioxidant capacities of the extracts were expressed as mg of Trolox equivalent per g of extract (mgTE/g E) using standard curve for Trolox (1.25, 2.5, 5, 10, 15 and 20µM). All samples were analyzed in quadruplicate and at least in three different experiments.
Cell Culture and MTT Assay
PC12 cells were obtained from the American Type Culture Collection (ATCC, Manassas, USA) were growing in DMEM-Glutamax (Dulbecco's Modified Eagle Medium Glutamax) added with 15% heatinactivated horse serum, 2.5% fetal bovine serum and 1% penicillin/streptomycin antibiotics at 37°C and 10% CO 2 . All cells were cultured in poly-D-lysine-coated culture dishes.
Cells were harvested from flasks and plated at a density of 10 3 cells per well in 96-well plates and incubated at 37 °C for 24 h. Aβ (25−35) preincubated with 0, 100, 200 and 400µM of extract at 37 °C for 48 h, was diluted with fresh DMEM-Glutamax and added to individual wells. The final concentration of Aβ was 5 μM. After 24 h of incubation, cell viability was assessed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reduction test.
Cells were treated with MTT solution (final concentration, 0.5 mg/ml (DMEM-Glutamax)) for 3 h at 37 °C. The dark blue formazan crystals formed in viable cells were solubilized with DMSO for 30 min. The absorbance was measured with a microplate reader (Dynex, USA) at 595 nm. Results were expressed as the percentage of MTT reduction in relation to the absorbance of control cells at 100%. All data represent the average of three tests.
Statistical Analysis
Means were statistically compared using the Statgraphics Plus program (version 5.1). Analysis of variance (ANOVA) followed by Duncan's multiple range tests were carried. Kruskal-Wallis test was assessed (when ANOVA could not be used) after checking for normal distribution of the groups and homogeneity of variances. The Pearson correlation test was used to compare the different values of antioxidant activities obtained in our extracts after all types of antioxidant measurement. The level of significance was P<0.05. GraphPad Prism 5.03 for Windows (GraphPad Software, San Diego, CA, USA) was used for these analyses. Figure 1 presented typical HPLC chromatograms of each plant methanolic extract. Among the identified compounds, peak chromatograms revealed a phenolic fingerprint principally composed by flavonoids such as catechin, epicatechine 3-Ogallate, epigallocatechin, luteolin-7-O-glucoside, kaempferol-3-O-rutinoside and hyperoside followed by phenolic acids (gallic acid, resorcinol, transhydroxycinnamic acid, ellagic acid) and other compounds like coumarin and catechol.
RESULTS
Determination of Phenolic Content and Composition in Halophytic Plants
Among flavonoid family, those belong flavan-3-ol group (epigallocatechin, catechin, epicatechin 3-Ogallate) were highly represented in all studied species expect S. sodomaeum. Epigallocatechin (peak 4) was the most representative compound with amount ranged between 1.13 mg/g DW in F. pulverulenta and 25.97 mg/g DW in D. maritima. Catechin (peak 5) was present at appreciable amount in F.pulverulenta (0.77 mg/g DW), G.flavum (0.994 mg/g DW) and D.maritima (1.311 mg/g DW). Among other flavonoids, isorhamnetin-3-O-glucoside (peak 17) amount was well represented at 5.808 mg/g DW in S. sodomaeum extract.
Phenolic acids profiles showed differences in quantitative and qualitative composition between species. F. thymifolia was shown to contain a high amount of phenolic acids (hydroxycinnamic acid, caffeic acid, chlorogenic acid and sinapic acid). The most representative compound in F. thymifolia was chlorogenic acid with 4.12 mg/g DW.
Among the other identified compounds, resorcinol and catechol, two dihydroxybenzene, were found at appreciable amount in both F. pulverulenta and D. maritima species.
TPC of the six methanolic extracts obtained by Folin-Ciocalteu assay were given in Table 2 . Phenolic contents varied significantly between extracts and ranged from 3.64to 34.28 mg GAE/g E. F. pulverulenta exhibited the highest value, which was about 9.4 times higher than those determined in F. thymifolia. In an increased order, plant phenolic richness were the following: F. thymifolia, L. europeum, D. maritima, G. flavum, S. sodomaeum and F. pulverulenta.
Table2. Phenolic compounds identified and quantified by HPLC from six plant methanolic extracts.
Compounds
Methanolic 
Antioxidant Capacities of Tunisian Halophytic Plants
All studied plant extracts were able to scavenge DPPH radical ( 
Neuroprotective Activity of Methanolic Extracts
The cytotoxic potential of each extract on PC12 cells was measured by MTT assay. All plant extracts, except S.sodomaeum, did not significantly affect cells viabilityat concentration up to 400 µM ( Figure  2a) .Indeed, incubation of PC12 cells with 5 µM Aβ (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) , for 24 h decreased the cell viability compared to control to 44% (Figure 2b ). In order to evaluate the protective effect of extracts, Aβ was added to PC12 cells simultaneously to the extracts (100, 200 and 400 µg/ml). Among all tested extracts, both Frankenia species exhibited an extremely efficient neuroprotective activity. At the lowest tested concentration (100 µM), F. thymifolia and F. pulverulenta extracts restored the cells viability (80%) and the percentage increased with the dose of extract applied. The extracts of D. maritima, L. europeum and G. flavum show a moderate neuroprotective capacity. 
DISCUSSION
In our study, results indicate that major phenolic compounds are flavonoids especially those belong to flavan-3-ol group. Among these compounds, catechin is proven potent antioxidant, due to the presence of the O-dihydroxy and O-hydroxyketo groups (Vinson et al. 1995) . Epicatechin 3-O-gallate is also an efficient bioactive compound which is able to act as a powerful ferric reducing agent (Trabelsiet al. 2013 ). Flavonoids such as proanthocyanidins found in different berries and cocoa that are derived from flavon-3-ols such as catechin or epicatechin, found in parsley or chamomile and other phenolic compounds, but also natural products from different chemical classes such a terpenoids, have been shown to exert anti-inflammatory effects in different pathological conditions (Tili and Michaille, 2016) . Indeed, Zeng et al. (2011) showed that quercetin-galactoside (hyperoside) which is present in the methanolic extract of G. flavum significantly inhibited Aβ 25-35 -induced cytotoxicity and apoptosis by reversing Aβ-induced mitochondrial dysfunction, including mitochondrial membrane potential decrease, reactive oxygen species production, and mitochondrial release of cytochrome c. Recently, numerous studies have suggested that a wide range of polyphenols may have neuroprotective effects both in vitro and in vivo by exerting protective effects through their ability to scavenge ROS or by directly inhibiting the formation of Aβ fibril deposits in the brain (Richard et al. 2011 ). F. thymifolia was shown to contain high amount of phenolic acids (caffeic, chlorogenic, sinapic and gallic acids). These compounds and specially caffeic and chlorogenic acids were found to possess the strongest antiviral activity (Karar et al. 2016 (Falleh et al. 2013 ). Indeed, chromatogram profile of two species belongs to the Frankinaceae family revealed the presence of number of no identified compounds. As reported by authors, these compounds seemed to be flavonoid and phenolic sodium sulfates (Harkat et al. 2007; Hussein 2004; Harborne, 1975) . Different reports are in accordance with the hypothesis that flavonoids sulfates play a role in the cancer prevention or inhibition (Hertog, 1996) . The highest amount of total phenolics in F. pulverulenta extract corroborated with the higher DPPH and ABTS scavenging abilities. In the other way, we can hypothesize that the antioxidant capacity may be related to the amount of phenolics in this species. Indeed, studies have shown that polyphenols possess a powerful inhibitory capacity against lipid oxidation through radical-scavenging (López-Cobo et al. 2015). Subsequently, extracts were also tested for their metal chelating activity which was lower in F. pulverulenta (71.98 mg EDTA/g), thus reflecting humble antioxidant effects when compared with other medicinal halophytes (Oueslatiet al. 2012). Indeed, Jallali et al. (2014) suggest that the chelating activity against the ferrous ion in the halophytic species I. crithmoïdes can be related to specific phenolic compounds rather than the whole phenolic content. Authors have noted that phenolic compounds exert their metal chelating potency based on their phenolic structure and the number and position of the OH -groups (Santoso et al. 2004 ). Thus, F. thymifolia which displaying the lowest phenolic content but the strongest iron chelating activity could be correlated to the nature of its compounds able to chelate metal ions. As for the other in vitro antioxidant tests, the highest capacity of F. pulverulenta to scavenge peroxyl radicals may be due to the presence of potent antioxidant phenolic compounds such as quercetin and catechin derivated compounds. The higher content of phenolics in F. pulverulenta is corroborated with the higher antioxidant activity determined by antiradical scavenging and ORAC tests. From our data, it appears that the ORAC values in the present study were comparable to or even higher than those reported in the literature (Remila et al. 2015) . The correlation coefficients between the antioxidant capacities (DPPH, ABTS, MCA and ORAC) and the total phenolic were determined (Table 4 ). Significant positive relationships were obtained between the TPC and the antioxidant capacities assessed by DPPH, ABTS and ORAC methods. These results are in accordance with those of Biglari et al. (2008) who showed that phenolic compounds contribute significantly to the antioxidant capacities. However, no correlation was established between chelating power assay and total phenolics. In this context, some studies have demonstrated that metal chelating potency of some phenolic molecules was far lower as compared to polysaccharides, EDTA and some peptides as well as proteins (Santoso et al. 2004 ).
Aβ aggregation is a risk factor common to a several neurodegenerative diseases leads to the formation and the deposition of senile plaques and neurofibrillary tangles which promote pro-inflammatory responses and induce neurodegenerative disorders. This situation is responsible of the dysfunction and death of brain cells ). There are extensive investigations which have been made to establish the neuroprotectiverole of polyphenols in vitro and in vivo tests. As previously reported by Richard et al. (2011) , a submicromolar concentration of Aβ peptide was sufficient to elicit metabolic interruptions in PC12 cells. Both Frankenia species have efficient protective effect against cell death induced by Aβ peptide. The great antioxidant activities of methanolic extracts and their phenolic composition can explain their highest capacities to inhibit Aβ aggregation. Thus it might be reasonable to consider that phenolic compounds might prevent neurodegenerative diseases, not only by scavenging reactive oxygen species but also by directly inhibiting the aggregation of Aβ fibrils in the brain by complex formation (Richard et al. 2011 ). Furthermore, the toxicity of S. sodomaeum against PC12 cells viability was may be due to the presence of alkaloids. 
CONCLUSION
Species investigated in this work showed an important and a wide range of polyphenol contents and antioxidant capacities. Thus, these results suggest the importance of these halophytic species and in particular F. pulverulenta as a new source of phenolic compounds with potent neuroprotective capacity.
